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(54) [Title of the Invention] Ultrasonic diagnostic device 
(57) [Abstract] 

[Aim] To provide an ultrasonic diagnostic device in which high- 
brightness B-mode tomographic images can be obtained in B mode 
and Doppler mode real time simultaneous display. 

[Configuration] A transmission pulse duty converter 8 provided 
in a transmission pulse generator 9 supplies a transmission 
pulse of which the transmission pulse duty in Doppler mode is 
smaller than the transmission pulse duty in B mode to a driver 
12. The driver 12 amplifies this to the level of the driver 
driving voltage from a driver driving voltage generator 10, and 
supplies it to an ultrasonic probe 1 and a subject being 
examined is irradiated with an ultrasonic pulse. B mode 
tomographic images and Doppler mode blood flow information are 
obtained by ultrasonic tomographic imaging means 14 and 
ultrasonic blood flow information measuring means 15 by means 
of the echo signals from the subject being examined which are 
received by the ultrasonic probe 1. The B mode and Doppler mode 
are switched periodically by means of control signals generated 
by a system controller 6. 
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[Scope of the Patent Claims] 

[Claim 1] An ultrasonic diagnostic device provided with: an 
ultrasonic probe for irradiating a subject being examined with 
ultrasonic waves and receiving echo signals from the subject 
being examined; a transmitter which comprises a transmission 
pulse generator for generating transmission pulses of which the 
transmission pulse duty in Doppler mode is smaller than the 
transmission pulse duty in B mode, and which supplies a driver 
pulse to the abovementioned ultrasonic probe; ultrasonic 
tomographic imaging means for obtaining B mode tomographic 
images from echo signals received from inside the subject being 
examined; ultrasonic blood flow information measuring means for 
obtaining blood flow information in Doppler mode by means of 
echo signals received from inside the subject being examined; 
and a system controller for generating control signals for 
periodically switching between B mode and Doppler mode. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates 
to an ultrasonic diagnostic device for producing images of 
structure and movement inside an organism. 

[0002] 

[Prior Art] The acoustic power of an ultrasonic diagnostic 
device is generally subject to fixed regulations for the 
implementation of safe ultrasonic diagnosis of a subject being 
examined. The acoustic energy irradiated into the subject being 
examined in B mode and Doppler mode of an ultrasonic diagnostic 
device is such that in B mode a scan is carried out with a 
single or double transmission pulse being sent and received 
over a broad range in order to broaden the bandwidth of the 
transmission pulse, while in Doppler mode a multiple 
transmission pulse is continuously scanned in the same 
direction in order to narrow the bandwidth of the transmission 
pulse, and therefore when the level of the high voltage driver 
pulse is the same, the average exposure to acoustic energy 
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endured inside the subject being examined is greater in the 
case of Doppler mode than of B mode. 

[0003] With conventional ultrasonic diagnostic devices, as 
shown in Figure 4, in order to resolve this problem, control 
signals are supplied by a system controller 6 to a driver 
driving voltage generator 10, whereby the level of the high- 
voltage drive pulses are lower in Doppler mode than in B mode 
so that the average amount of acoustic energy to which the 
inside of the subject being examined is exposed is reduced. 

[00041 

[Problems to be Resolved by the Invention] B mode and Doppler 
mode real time simultaneous display is generally in common use 

for cardiac diagnosis and the like, and this is carried out by 
periodically switching between B mode and Doppler mode sending 
and receiving- Furthermore, because of the simultaneous display 
in real time, it is necessary to switch instantaneously between 
the acoustic energy for B mode and Doppler mode. However, as 
with the abovementioned conventional ultrasonic diagnostic 
device, when the acoustic energy is controlled by the driver 
driving voltage generator 10, the instantaneous switching 
control of the driver driving voltage causes a sharp discharge 
and charge in the smoothing capacitor 11c because of the driver 
driving voltage stabilization, and therefore a large electrical 
current flows to the regulator lib, generating heat, and 
problems arise such as delays in the change of driver driving 
voltage, making instantaneous switching between B mode and 
Doppler mode difficult because of the risks of reduced 
reliability and lifetime. Consequently, with conventional 
ultrasonic diagnostic devices and as shown in the timechart in 
Figure 5, the level VI of the high-voltage drive pulse for B 
mode transmission matches the level V2 of the high-voltage 
drive pulse for Doppler mode transmission, but the B mode 
acoustic power is lower and therefore there are problems in 
that the brightness of B mode tomographic images is lower, 
amongst other things. 
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[0005] The present invention resolves these kind of 
conventional problems mentioned above, and it aims to carry out 
smooth and rapid switching between B mode and Doppler mode and 
to obtain high-brightness B-mode tomographic images in an 
ultrasonic diagnostic device which is designed to be able to 
perform real time simultaneous display in B mode and Doppler 
mode. 

[0006] 

[Means of Resolving the Problems] In order to achieve the aim 
mentioned above, the present invention is provided with: an 
ultrasonic probe for irradiating a subject being examined with 
ultrasonic waves and receiving echo signals from the subject 
being examined; a transmitter which comprises a transmission 
pulse generator for generating transmission pulses of which the 
transmission pulse duty in Doppler mode is smaller than the 
transmission pulse duty in B mode, and which supplies a driver 
pulse to the abovementioned ultrasonic probe; ultrasonic 
tomographic imaging means for obtaining B mode tomographic 
images from echo signals received from inside the subject being 
examined; ultrasonic blood flow information measuring means for 
obtaining blood flow information in Doppler mode by means of 
echo signals received from inside the subject being examined; 
and a system controller for generating control signals for 
periodically switching between B mode and Doppler mode, 

[0007] 

[Action] By virtue of the configuration described above, the 
present invention makes it possible for the transmission pulse 
generator to vary the transmission pulse duty in B mode and 
Doppler mode without changing the driver driving voltage, so 
that it is possible to switch the acoustic energy irradiated 
from the ultrasonic probe onto the subject being examined, and 
therefore it is possible to carry out smooth and rapid 
switching between B mode and Doppler mode in real time 
simultaneous display in B mode and Doppler mode. 
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[0008] 

[Exemplary Embodiment] An exemplary embodiment of the present 
invention will be described below with reference to the 
figures . 

[0009] Figure 1 is a block diagram showing an ultrasonic 
diagnostic device of an exemplary embodiment of the present 
invention in which B mode and Doppler mode real time 
simultaneous display is possible; Figure 2 is a block diagram 
showing a transmission pulse duty converter which is employed 
in the same ultrasonic diagnostic device; and Figure 3 is a 
timechart of the high-voltage drive pulse of the same 
ultrasonic diagnostic device. 

[0010] In figure 1, 1 is an ultrasonic probe for irradiating 
ultrasonic waves onto a subject being examined and for 
receiving echo signals from the subject being examined, and 2 
is a transmitter for supplying high-voltage drive pulses to the 
ultrasonic probe 1, said transmitter having: a transmission 
pulse generator 9 comprising a transmission trigger pulse 
generator 7 for generating transmission trigger pulse signals 
and a transmission pulse duty converter 8 for converting 
transmission trigger pulse signals into transmission pulses of 
an appropriate duty ratio for B mode and Doppler mode; a driver 
driving voltage generator 10 which comprises a power circuit 
11a, a regulator lib and a smoothing capacitor 11c, and which 
generates a drive voltage; and a driver 12 for amplifying 
transmission pulse signals from the transmission pulse 
generator 9 up to the level of the driver driving voltage from 
the driver driving voltage generator 10, and supplying them to 
the ultrasonic probe 1. 3 is a received echo processor for 
analog processing of received echo signals from the ultrasonic 
probe, said processor comprising an amplifier 13, ultrasonic 
tomographic imaging means 14, ultrasonic blood flow information 
measuring means 15, and a switch circuit for switching between 
B mode and Doppler mode. 4 is a digital scan converter for 
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converting analog signals from the received echo processor 3 
into television signals, 5 is a display part for displaying the 
television signals from the digital scan converter 4, and 6 is 
a system controller for generating control signals for 
periodically switching between B mode and Doppler mode, and for 
supplying these to the transmission pulse duty converter 8 and 
the switch circuit 16. 

[0011] As shown in Figure 2, the abovementioned transmission 
pulse duty converter 8 consists of: delay circuits 17, 19 for 
outputting transmission trigger pulse signals sent from the 
transmission trigger pulse generator 7 as pulse signals with 
different lagging phases; AND circuits 18, 20 for outputting 
transmission pulse signals whereof the duty ratio has been 
converted from the pulse signals and transmission trigger pulse 
signals output from the delay circuits 17 , 19; and a switch 
circuit 21 for switching between the B mode and Doppler mode by 
means of control signals from the system controller 6. 

[0012] A description of the operation of the configuration 
described above will be given below. A transmission trigger 
pulse signal A generated by the transmission trigger pulse 
generator 7 inside the transmission pulse generator 9 is 
supplied to the transmission pulse duty converter 8, and 
converted to an appropriate duty ratio by means of control 
signals from the system controller 6. That is to say, as shown 
in Figure 2, the transmission trigger pulse signal A supplied 
by the transmission trigger pulse generator 7 is output in the 
transmission pulse duty converter 8 as pulse signals B and C 
having different lagging phases from each other, by means of 
the delay circuit 17 and the delay circuit 19. These pulse 
signals B and C and the transmission trigger pulse signal A are 
supplied to the AND circuit 18 and the AND circuit 20, and 
output as signal pulse signals D and E with a changed duty 
ratio, respectively. These transmission pulse signals D, E are 
B mode and Doppler mode transmission pulse signals, 
respectively, and are supplied to the switch circuit 21, after 
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which either is selected for output by means of system control 
signals in accordance with B mode or Doppler mode from the 
system controller 6. 

[0013] As shown in Figure 1, the abovementioned transmission 
pulse signal D/signal E are supplied to the driver 12, and they 
are amplified to the level VI of the driver driving voltage 
from the driver driving voltage generator 10. Figure 3 shows 
the timechart at this time. Next, this high-voltage drive pulse 
is supplied to the ultrasonic probe 1 and converted to an 
ultrasonic pulse, after which it is irradiated into the subject 
being examined. An ultrasonic echo signal in accordance with 
the acoustic energy of this ultrasonic pulse is received by the 
ultrasonic probe 1, and is once again converted to an 
electrical signal, after which it is amplified by the amplifier 
13 inside the received echo processor 3 and supplied to the 
ultrasonic tomographic imaging means 14 for obtaining B mode 
tomographic images and the ultrasonic blood flow information 
measuring means 15 for obtaining blood flow information in 
Doppler mode. These signals are then supplied to the switch 
circuit 16 for switching between B mode and Doppler mode, and 
they are respectively supplied to the digital scan converter 4 
by means of system control signals in accordance with B mode or 
Doppler mode from the system controller 6, then converted to 
television signals, after which they are displayed as B mode 
tomographic images and Doppler mode blood flow information by 
means of the display part 5. 

[0014] In this way, according to the ultrasonic diagnostic 
device of the exemplary embodiment described above, it is 
possible to vary the pulse duty for B mode and Doppler mode, so 
that it is possible to switch the acoustic energy without 
changing the driver driving voltage, and it is possible to 
carry out smooth and rapid switching between B mode and Doppler 
mode, and therefore it is possible to obtain high-brightness B- 
mode tomographic images in B mode and Doppler mode real time 
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simultaneous display, without any reduction of the acoustic 
energy in B mode. 

[0015J 

[Effect of the Invention] As described above, according to the 
present invention, it is possible to vary the transmission 
pulse duty in B mode and Doppler mode, so that it is possible 
to switch the acoustic energy without changing the driver 
driving voltage, and therefore it is possible to carry out 
smooth and rapid switching between B mode and Doppler mode. 
Accordingly, it is possible to obtain high-brightness B-mode 
tomographic images in B mode and Doppler mode real time 
simultaneous display, without any reduction of the acoustic 
energy in B mode, 

[Brief Description of the Figures] 

[Figure 1] is a schematic block diagram showing the ultrasonic 
diagnostic device in an exemplary embodiment of the present 
invention; 

[Figure 2] is a block diagram showing a transmission pulse duty 
converter which is employed in the same ultrasonic diagnostic 
device; 

[Figure 3] is a timechart of the high-voltage drive pulse of 
the same ultrasonic diagnostic device; 

[Figure 4] is a schematic block diagram showing a conventional 
ultrasonic diagnostic device; and 

[Figure 5] is a timechart of the high-voltage drive pulse of 
the same ultrasonic diagnostic device. 

[Explanation of Symbols] 

1 ultrasonic probe 

2 transmitter 

3 received echo processor 

4 digital scan converter 

5 display part 

6 system controller 

7 transmission trigger pulse generator 
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[Figure 3] 

T high-voltage drive pulse level V 
B mode transmission time: Tl 
Doppler mode transmission time: T2 

[Figure 5] 

t high-voltage drive pulse level V 
B mode transmission time: Tl 
Doppler mode transmission time: T2 



[Figure 4] 


2 


transmitter 


12 


driver 


6 


system controller 


7 


transmission trigger pulse generator 


13 


amplifier 


3 


received echo processor 


14 


ultrasonic tomographic imaging means 


15 


ultrasonic blood flow information measuring means 


4 


digital scan converter part 


5 


display part 



PACE 14/19 • RCVD AT 8/22/2008 6:39:01 PM [Eastern Daylight Time] * SVR:U8PTO-EFXRF-5/16 * DNIS: 2738300 • CS1D:650 694 5817 * DURATION (mm-ss):04^)0 



650 694 5817 slemansmv 02:48:03 p.m. 08-22-2008 15/19 



<19>9*K*fW (J P) (12) & gg ft ^ $ ( A ) (ll)ftmtSi&H** 

#0§¥7- 155324 

<43)*NIB ¥fi67*P(199S)B;j20B 

■MB* PI ~~ 

9351 -4 C 
S36I-4C 
9361 -4 C 

Q 



(2I)HW«* 


WBV5-309007 


(7i)mmA 


000005821 


(22>AUBB 








¥£5^(1993) 12fl 9 B 




*»«WT|j*¥HWiooe«a 








«* »= 






















(72)«W* 
























(72)58 W# 
























(74)ftSA 





<5o ixmn&m mumMMta 



(57) 

-r < ^emsr Kr?*- KKkoa®; vv*?* -f- 
< #B K*tf>a«I/ fa-f < fitTOgHg/W 

^*H5^-»<i2{=ffi»^4. YUKivmnw 

TflMB t . SSfcSSfrF 1 LTttNfc'lii'.x ft* 
*>&OX3HI#Jt 9«S*»rWM*«-ft#ei 1 4 is J: 

ttr&mmm? c «t *) b k t k?*?*- KSr/gaiw 



C5I>Inta f 
A6JB 8/OQ 
8/06 
8/24 

H0 4N 7/18 




PACE 15/19 * RCVD AT 8/22/2008 6:39:01 PM [Eastern Daylight Time] • SVR:USPTO-EFXRF-5/16 * DNIS: 27383 00 • CSID:650 694 5817 * DURATION (mnvss): 04-00 



6S0694S817 slemansmv 02:48:14p.m. 08-22-2008 16/19 



(2) 



-1 55324 



imm i j t&mtn&Atm u mm^o 

~r <t &T<7>m'Vl'XZ&&t&&.{gMA,x$t£.&Z 
*TU JJSBtfciMiyKFWy^/kxfcflHfrtijg 

SRffll«^4itiff«lta«««a^«t. B*-F& f 10 

7 f ^jtuwcfljtti. bwnm & ux 

[0001] 
[0002] 

**htvv&. Mmummm^B^-maxx/vy 20 

F*{c^fl;rt«^Sfc.*^x*;Mf-fcfc 
WWSQ/trt** 1 J^^L2i&*>&£fI£,t£ttHK;t2 

-r 6*>t:*t l . HT5-t — k ar&i&igJwxamviM 

ia^WtC^S-f&OT-. S«flEF?-f7;t/UX<7>l"</i, 

#tttt*rt^«tsiF«x*^-o¥%8»*tt*3 
[0003] «*«ja&«»ffii«Ta . zmmzm 30 

4:381 0K^-rA»IW»6*»t,<^W»/i#$'tt«^ 
[0004] 

JU?*Vtfc9. ;ft<iB*-FJBfcF:r5=e-FffitfaS 
OTfU^-i AizmslfmSk-tifK»±. B*-FB*fc 

i^;<8Btwt£j&E»i otci&^x*;^-^© 
urea, e^oh'5-f^iBa«s<o«ai4.jsrjw{c*fu. 



li. B!5<0^-fAf-v-h<Dj:-}(CBt-HffliSfl^o 
SffiES 7;</kX0>K^V 1 i K75*- KflK* 

(0005J *$MJ!tt. ±£«fc 5 $rfi«W>(fl]Ii£»3W- 

A>oaa£*TV\ Bt-K^stfx^rt^-sfiT** 

[0006] 

U ±K« ; &»8^hP£ F 9-f 7» vwj tfti^^ag 
»fc . ^#rt*>4>Sfi3*i*:x3Hg^J: 9 b*- f 

««s:^*ia«sfcjflia««a!jg^»fc, a-t— ft* 

[0007] 

im\ *38'!B«±Sa*)«t:«k'). a<§/<^^85t- 
B-t- mtoXVW?*- meMfe'-WATa.-T 

4. 

10008] 

[0009] HlliBt- Ft FT'^t-FoyTA'* 
*lt«C*5<t&ffl«»^aS${at7St7o./^B, H2 
SSr^-ra-y^H. 03<iP«a«*^aSilBco««ff 

roo 10] lanciinT. iumit*tzm,xm» 
*mti. »«**»4^x3-e-t5-sftt4je^as 

J*?. 2«jaifi«»Wff l*cS*ffK^7;<;WX£ft 



PACE 1«19 * RCVD AT 8«2/2008 6:39:01 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/1 6 • DNIS:2738300 • C6ID:650 694 5817 • DURATION (mm-ss):04-00 



650694 581 7 slemans mv 02:48:39 p.m. 08-22-2008 17/19 



( 

3 

j i> t ^%&&&Vl'A%&Sl9 1 , ViRBB 11a. 

lb, ¥M3>7'>V1 Ic^KcO. 

a» 3 *,or^o^ft#^ -r u trti^tcsaft-f *>*:*> 

0>m&. 6UB*-KfcK:r?*-K*J3S8Wfc:«« 
[00 11] JJ2&f!;t;PX7 ! 'i--f-f£:&«8li. a 
fctTaj?Jf6aSBg517. 19fc. 2jE0»17. 

^*AND0»18, 2 0t. ^xA$5Bffl6*»4> 

•f vf-0852 1 iA^flWESftfoS. 
loo 1 2] fiLhofcj&c&vir. Jar. ioOfftro 
"rum-*. ig«/<^«±a59rt<ioafihy^^ 

iSS/WXxa.-T^^»8*:fl8a$*t., x^fA^ 

£ft*. -f**>^. 02fcijr*\k-j|c. &ghy#'W 

<l7<^-fa— r-/S»»8»C*{HT. fiE@Bl7# 

^©^BfcJttfCfcLTiiyjSfU. CfKbtfVW*® 
•f Bit ZVC b Sift I* 'J ^yW^fl-t A**A N DH» 1 
8ii.tr/ANDiail2 0fcKttSfi. f -<a:<o3c 

082 1 fc{8tt3*ifc«. yXfA$lff06i>^^B« 

*J:3tc. 2K{&tt3il. K?-f7<8»«EE 

&±S5 1 0tpt><r> i<m&9E.<ni><A>v l tztT 



13BW7-1 55324 

4 

a«e#t:s«sft.Jta. sftxn-aasjsrt^Jt'Ms 

if»BS««**-ft#S 1 4 *5 XV VTy Kfcfcft* 
tt3*l*. *LT. CTtfc*jfi#WB*-Kfc K75* 

mm&5izt 9 b*- KW««t try*- m 
mmt urates*.*. 

too 14 j z<7)£otz x ismsmm&mwmn. 

tip?*. B*-)'k*y'7*-F<omx.$:Pimtz. 
-Koyr/^x.BB*»>pic*}vvc. B=e-H<o§« 

x^^-SrffiTS-tf-rfcJUJKOS^Bt- HBr«ffiS: 
[0015) 

6Zk%<. %mx*/U*-t:mii.i>ZkA<?*h?) 
t?» B*-Kkf«r9*-P<0««i4-raHc, A*?® 

■kmzklFZtb. 

[HI J *«W<0-HJ8ef«C&ft*IH§»^Bra6S*>-H 
[H2 1 HfififiSI&fiKa^v^iS^^x^-f- 

[03 1 nmtmm%x.<?>7&*KYy4 rww? 

[04 ] «*<^S»8*ffiS&a£S***t»7a,, ; 7g| 

[»#^^] 

1 JBSaCBWff 

2 iSfiSS 

3 SmX3-«H» 

4 f^;/WfV3>'/'(- f% 

5 Soffit 

6 ->AfA«SS{ 



PACE 17/19 ' RCVD AT 8/22/2008 6:30:01 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/16 • DNIS:273830O * CSID:650 604 5817 ' DURATION (mnvss):04-00 



650 694 5817 



slemans mv 



02:49:01 p.m. 08-22-2008 



18/19 



<4> 



-155324 



7 jgfIh'J#/t/kxX£8 

8 &&V\sXT*.-T<%m» 

1 1 a 

lib 

1 l c ^may^y? 
12 
J 3 



14 
1 5 
16 
1 7 
18 
1 9 
20 
21 



imttamiHUBm 



AND0JB 



[01] 



lib 



V 






















SI/A-* 




ft*tt 


9 








\ J 


4 


5 



[02] 




[03] 



[05) 



MEEEfflE 1 - IfcFE 



juttue:' 



V2 



PACE 18/19 ■ RCVD AT 8/22/2008 6:39:01 PM [Eastern Daylight Time] " SVR:USPTO-EFXRF-5/16 * DNIS:273830O * CSID:650 694 5817 • DURATION (mm-ss):04-00 



,650 694 5817 

I 



slemans mv 



02:49:09 p.m. 08-22-2008 



19/19 



(5) 
[04} 



^ffl¥7-l 5 53 24 
































4 


5 



PACE 19/19 • RCVD AT 8/22/2008 6:39:01 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/16 » DWS:273830O • CSID:650 694 5817 * DURATION (mm-ss):04-00 



